Sarcoma originating from the pulmonary veins represents one of the rarest subtypes of sarcoma. We report the case of a 52-year-old woman presenting with cough and scant hemoptysis and ultimately diagnosed with a primary intimal sarcoma of the left inferior pulmonary vein extending into the left lower lobe of the lung. To our knowledge, this is the first reported case of such pathology in the literature. We present the case and critically appraise the literature for sarcomas of the great vessels.
Case Report
A 52-year-old female presented to her primary care physician complaining of a productive cough and intermittent streaks of hemoptysis. Her only significant medical history was asthma, which had been well-controlled for the majority of her adult life, and mild aortic insufficiency that had been discovered incidentally in a workup for palpitations over a decade earlier. She had no previous episodes of hemoptysis, and denied chest pain, dyspnea, fevers or chills and weight loss. There had been no traumatic injury to her chest. After her initial assessment by a primary care physician, she was prescribed antibiotics for a presumed pneumonia.
Her symptoms progressed despite oral antibiotics and a CT angiogram of the chest was obtained to evaluate for pulmonary embolism and to better visualize the lungs. The study demonstrated a large filling defect in the left inferior pulmonary vein with extension into the left atrium (Figure 1(a) ). Three discrete lesions were also noted in the lower lobe of the left lung and there was a small left pleural effusion. No other lesions were noted on CT. She was then transferred to our institution for further evaluation.
On assessment, the patient had no respiratory compromise and was hemodynamically stable. Her physical exam, including detailed respiratory and cardiovascular assessment, was noncontributory. Her basic laboratory findings were unremarkable; including a hemoglobin 13.8 g/dL, white blood cell count 9600/mm 3 , PTT 37.7 s, PT 11.2 s, INR 1.1 and d-Dimer 580 µg/L.
A heparin infusion had been commenced at outside hospital, sputum cultures were obtained, broad-spectrum antibiotics were started, and the patient was admitted to critical care for observation. Bronchoscopy was then performed to investigate the source of the patient's hemoptysis. No specific focal endobronchial lesion was identified. A left lower lobar subsegmental origin of minor bleeding was confirmed. Cytology from bronchial brushing was negative for malignancy. A transesophageal echocardiogram was also performed under the same general anaesthesia and demonstrated a dilated left atrium, with a heterogenous, sessile, mass, measuring 3.5 × 2 cm, which did not obstruct the mitral valve or the left ventricular outflow tract. Adequate pulmonary venous flow was demonstrated from the left upper pulmonary vein, but the left lower pulmonary vein could not be visualized. Aside from the known, mild aortic insufficiency, no other structural abnormalities were demonstrated. A cardiac MRI subsequently confirmed a large 3.1 × 1.5 × 2.8 cm mass protruding into the left atrium and extending from the left inferior pulmonary vein (Figures 1(b) and 1(c)). No other lesions were found in cardiac MR.
After discussing the results and differential diagnosis with the patient, informed consent was obtained for the excision of the atrial mass. A median sternotomy was performed and cardiopulmonary bypass was established. The left atrium was opened via the interatrial groove and a large mass was noted adherent to the posterior wall of the left atrium. The firm tumor appeared to originate from the left inferior pulmonary vein and completely obliterated the vascular lumen. The tumor had no interaction with mitral valve structures and no valvular intervention was required.
The posterior wall of the left atrium was resected along with the mass extending to the left inferior pulmonary vein. Frozen-section pathology described presence of a spindle cell tumor without further differentiation (Figure 2(a) ). The posterior-lateral defect of the left atrium was repaired with a extra-cellular matrix patch excluding the left lower pulmonary vein return (CorMatrix Cardiovascular, Atlanta, GA, USA). After closure of the left atrium, a left lower lobectomy was performed to complete the resection of the mass (Figure 1(d) ).
The patient's postoperative course and recovery were atrium and left lower lung. Lobectomy specimen confirmed regional extension but did not demonstrate evidence of infiltration into adjacent bronchus or lung parenchyma. Microscopic pulmonary vein margins were positive for sarcoma and the tumor was noted to extend through the pulmonary vein adventitia into the peri-adventitial tissue (Figure 2(b) ). None of the five hilar and mediastinal lymph nodes (N1 and N2) examined had evidence of metastatic disease. The patient underwent 45 Gy of radiotherapy in 25 fractions and an additional 14.4 Gy boost in 8 fractions using 3D conformal technique over 48 days, but opted not to pursue adjuvant chemotherapy after discussion of benefits and risks of systemic treatment. She remains without evidence of metastatic disease six months after the resection was completed and is being followed with serial imaging.
Discussion
Fewer than 400 cases of primary tumors of the great vessels have been reported in the literature [1] . Of these, fewer than 30 represent primary tumors of the pulmonary veins [2] . The vast majority of these tumors were leiomyosarcoma, with a single case reported as myxosarcoma [3] and another identified as myxoidfibrosarcoma [4] . The nonspecific signs and symptoms demonstrated by our patient are similar to those of leiomyosarcoma patients with involvement of the pulmonary vein. The differential diagnosis of such lesions requires detailed work up and specific imaging including TEE and cardiac MRI [5] . Pathology specimens obtained should be reviewed by experts in the field, since determining the exact origin of sarcomas associated with vascular structures can be complex.
To our knowledge, this is the first reported case of non-myxoid intimal sarcoma (fibrosarcoma) of the pulmonary vein. The most extensive series of patients with primary sarcoma of the pulmonary veins contained 17 cases with leiomyosarcoma [2] . Despite the difference in specific pathology, there were several noteworthy demographic and prognostic factors revealed in this analysis that are pertinent to our patient's presentation. There is a female predominance in leiomyosarcoma of the great vessels, most notably a 4.8:1 ratio found in leiomyosarcoma of the IVC [6] . The median age of presentation in cases of leiomyosarcoma of the pulmonary veins is 48 years. The most common presenting symptoms are dyspnea, hemoptysis, cough, chest pain, pleural effusion, and chest pain in decreasing order of frequency. The most common originating sites described for these tumors are in the right superior and left inferior pulmonary veins [2] . Our patient presented with typical demographics and presenting symptoms as the somewhat less rare leiomyosarcoma of the pulmonary veins.
The nonspecific signs and symptoms of both leiomyosarcoma and fibrosarcoma of the pulmonary veins make differential diagnostic efforts complex and diagnosis may be delayed. In the largest series of leiomyosarcoma of the pulmonary veins, roughly 50% of cases were diagnosed with CT and/or MRI angiography [2] . It is noteworthy that the tumor masses were thought to originate from the left atrium in the majority of these cases [2] . Bronchoscopy and Transesophageal echocardiography in conjunction with CT and cardiac MRI were required in rendering the likely diagnosis and directing urgent management in this case. The regional involvement of the left lower lobe and the inferior pulmonary vein origin, could not be demonstrated initially with bronchoscopy and transesophageal echocardiography. Diagnostic difficulties, however, are only one aspect of the poor overall prognosis of primary tumors of the pulmonary veins, as it is uniformly poor regardless of pathologic subtype. There are only two reported cases of patients surviving three or more years after treatment for leiomyosarcoma, and only a single report of a patient surviving longer than nine months after treatment for myxosarcoma [2, 3] . Both of the leiomyosarcoma patients had undergone surgery with apparently complete resection and clear margins [2] . Following resection, there is still a high incidence of relapse, which underlines the need for effective neoadjuvant or adjuvant treatments [7] . In the treatment of resectable sarcomas, the use of adjuvant chemotherapy is still much debated [6, 8, 9 ]. An updated metananalysis of adjuvant chemotherapy did not demonstrate an overall survival advantage, although progression free survival was improved after Doxorubicin based chemotherapies [7] . It is reasonable to pursue a neoadjuvant approach depending on the histological subtype when local resection is not feasible although data is also lacking in this regard [10] . As this disease process is a rare entity, it is highly unlikely that a clinical trial with sufficient sample size would be done to determine the standard approach to treatment. Most of the information on primary cardiac and sarcomas of the great vessels are obtained from case reports and small retrospective studies. Complete resection seems to offer the best prognosis and chance for cure in these patients.
